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SUMMARY

This report is the technical background to the "Statement of Concern: The Plutonium
Economy". The circumstances which led to the preparation of the "Statement" and this report
are briefly set forth in the Foreword. A copy of the "Statement" is attached at the end of the
report. There is also a separately bound Appendix. which contains a number of scholarly articles
which demonstrate the unprecedented difficulties posed by plutonium and nuclear power. The
purpose of the report is to briefly summarize the technical bases for concern regarding
plutonium use and nuclear fission reactors.
Following a short introduction, Section I, the major non-economic hazards associated with the
use of plutonium in the nuclear fission fuel cycle are stated in Section 11. Section 111 summarizes
the fuel cycle and relates each element in the fuel cycle with those hazards that are associated
with it. In Section IV the principal hazards are presented in more detail. Included are discussions
of: (A) radiation releases through accidents or sabotage -

incorporating a discussion of the

Price-Anderson Act, plutonium toxicity and perpetual storage of radioactive wastes, and; (B)
nuclear weapons proliferation, considering both international proliferation and illegal weapons
associated with sub-national group activities. Finally, Section V sets forth some of the social
implications of the proposed plutonium economy.
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FOREWORD

In late 1974 we were approached by the National Counc_il of Churches of Christ in the U.S.A.
with a request for help on a problem of growing national and international concern. The
National Council has become increasingly aware of the questions that are being raised about
nuclear power, and particularly about plutonium and the breeder reactor. The Council expressed
specific concern about the problem of containing radioactive waste

indefinitely and its

implications for future generations, about the public health implications of using plutonium as a
major energy resource, about the increasing availability of materials in the nuclear industry
which, if stolen by terrorists or other criminals, could be fashioned into nuclear weapons capable
of mass destruction, and about the possibility of sabotage of nuclear facilities resulting in
widespread radioactive contamination.
Because of its concern but lack of expertise, the Council asked our help in securing the advice
and opinion of informed scientists and others outside the Council who would offer guidance on
these difficult issues. Specifically, we were asked to assemble a panel of persons who are
qualified to examine these problems. The panel's mandate was to examihe the problems
enumerated above -

with particular emphasis on their broad social and ethical implications -

and to prepare a public report and recommendations.
We have had the help of many persons in responding to the Council's charge. The results of
our labors are contained in a short "Statement of Concern: The Plutonium Economy", this
background report to the "Statement of Concern", and the collection of papers that is
reproduced in the Appendix to this background report. The "Statement of Concern", while also
printed separately, is included as an attachment to this report.
Margaret Mead
Rene Dubas
Co-chairpersons, Committee of
Inquiry: The Plutonium Economy

I
I
I
I
I

September, 1975
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BACKGROUND REPORT
THE PLUTONIUM ECONOMY: A STATEMENT OF CONCERN
I. INTRODUCTION

Decisions on energy policy are pending in the United States, as elsewhere, that will have
significant effects on the stability of political and social institutions. These decisions include
those related to the future use of nuclear fission as an energy source. One primary issue of
policy is whether the use of the man-made element plutonium as a commercial nuclear fuel
carries with it such hazards as to be unacceptable.
In the United States, a commitment to nuclear fission has been made by the Congress, by the
Atomic Energy Commission, by several Presidents, and by the

electric

utilities and their

principal suppliers. Yet, a significant fraction of the public is deeply concerned by this
commitment. Sufficient concern has been voiced so that it is not an exaggeration to state that a
national debate is now taking place over the acceptability of nuclear fission. This debate should
have taken place prior to the inception of the "Peaceful Atom" program; it did not. Hence, we
find ourselves debating the acceptability of a technology that is already being deployed and
behind which has gathered a formidable array of political, economic, and personal commitments.
In the United States the attention given to nuclear fission is tending to focus around several
specific legislative actions and specific proposals by regulatory agencies. In 1975 these include:
( 1) the proposed extension of the Price-Anderson Insurance and Indemnity Act, (2) the proposed
massive funding of the Liquid Metal Fast Breeder Reactor (LMFBR) program, and (3) the
proposal to permit the use of plutonium fuel in existing light water reactors, so-called
"plutonium recycle."
The purpose of this report is to summarize briefly the technical context in which these
decisions must be made and to describe the nuclear fuel cycle in a way which indicates the
nature of the concerns with the wide-scale use of plutonium and other nuclear fuels. The report
is in two parts. The first, of which this is the introduction, is a short summary of the nuclear
fuel cycle including comments on the characteristics of that fuel cycle which are the subject of
controversy. An Appendix, bound separately, is a collection of scholarly articles which
demonstrate the unprecedented difficulties posed by plutonium and nuclear power.
11.

THE NUCLEAR FUEL CYCLE - WHAT ARE THE ISSUES?

The underlying fact about the fission process utilized in nuclear reactors is that it unavoidably
produces large quantities of man-made radioactive materials that are so destructive of life that
they must be permanently isolated from the environment of man and the living creatures

2

which sustain him. Some of these materials are also suitable for the fabrication of nuclear
weapons, a process which is not technically difficult once the material is in hand.
Plutonium exemplifies these properties in their starkest form. A man-made element produced
in moderate quantities in today's nuclear reactors, and slated to be produced in larger quantities
in breeder reactors, plutonium is promoted by the nuclear industry as the fuel of the future the substitute for our limited supplies of fissionable uranium. Plutonium has been described by
its discoverer Glenn Seaborg as "fiendishly toxic" -

a millionth of a gram has been shown

capable of producing cancer in experimental animals -

and the amount needed to make a

nuclear weapon is cited in the open literature as from 10 to 20 pounds.
As a result of these inherent properties of the plutonium and other materials associated with
the nuclear fuel cycle, use of this source of energy inevitably gives rise to several fundamental
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problems:
- The potentially catastrophic releases of plutonium and nuclear wastes from
accidents or deliberate disruption of a nuclear power plant, a fuel reprocessing
plant, a waste storage facility, or during transportation between these elements
of the fuel cycle.
- The diversion of nuclear fuel, again particularly plutonium, from the fuel cycle
either by criminal elements within a country for use in the manufacture of
weapons of mass destruction or as a matter of national policy by a country
employing nuclear power for the production of energy but wishing to obtain
national nuclear weapons capability.
- The necessity for perpetual, reliable containment of the nuclear wastes for
many generations into the future.
Of equal concern are the social consequences of the measures that appear to be necessary to
cope with these intrinsic hazards should the decision be made to proceed with the nuclear power
option.
The technical bases for concern with nuclear fission, and with the use of plutonium, are now
established. The industry has had ample opportunity to demonstrate which of these issues are
amenable to technical resolution. We are left with the issues listed above. Nobel Laureate Hannes
Alfven has summarized as well as anyone the resultant situation:~
[The nuclear technologists] claim that they have devoted more effort to safety
problems than any other technologists have. This is true. From the beginning
1_j Hannes Alfven, "Energy and Environment", Bulletin of the Atomic Scientists, May 1972, pp.
5-7. The full text of this article is included in the Appendix.
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they have paid much attention to safety and they have been remarkably clever
in devising safety precautions. This is perhaps pathetic, but it is not relevant. If
a problem is too difficult to solve, one cannot claim that it is solved by
pointing to all the efforts made to solve it.
There are also serious economic issues associated with nuclear power, and questions of
ownership and control of the various elements of the fuel cycle. Although these economic issues
alone may prove to be sufficiently severe as to challenge seriously the acceptability of nuclear
fission, th.e basic decision as to the acceptability of nuclear power should be made not from a
narrow economic consideration, but rather from a consideration of the hazards intrinsic to the
nuclear fuel cycle. As economist Allen Kneese summarized:.:../
It is my belief that benefit-cost analysis cannot answer the most important
policy questions associated with the desirability of developing a large-scale,
fission-based economy. To expect it to do so is to ask it to bear a burden it
cannot sustain. This is so because these questions are of a deep ethical
character. Benefit-cost analyses certainly cannot solve such questions and may
well obscure them.
The issues of alternative energy sources and the desirable level of energy use are discussed in
several of the articles included in the Appendix.:./ It is merely noted here that there are
alternatives to nuclear fission and that these alternatives include both fossil fuels and non-fossil
fuel energy sources. This is not meant to suggest that their realization will be easy nor that they
are free of environmental, social, or economic dangers. But, these alternatives are feasible and
more socially acceptable than nuclear fission.
Ill.

THE BASIC FISSION FUEL CYCLE

Nuclear power reactors are now fueled with uranium - just as the coal fuel cycle begins at the
coal mine, the fission fuel cycle begins at the uranium mine. In most respects uranium mining is
typical of other hard rock mining, conducted both as underground and as surface operations.
The uranium is found in low concentrations in a rock matrix. Uranium concentrations vary from
the high grade deposits currently being exploited to a background level in virtually all rocks
composing the earth's crust. The total known resource of uranium is extremely large but the

1_/ Allen V. Kneese, "The Faustian Bargain", Resources, September 1973, pp. 1.-5. The full text

of this article is included in the Appendix.
:./Thomas B. Cochran, J.G. Speth and Arthur R. Tamplin, "The Breeder Reactor: A Poor Buy",

Environment, June 1975. The full text of this article is included in the Appendix. See also John
T. Edsall, "Hazards of Nuclear Fission and the Choice of Alternatives", Environmental
Conservation, Spring 1974, pp. 21-30. The full text of this article is included in the Appendix.
See also Wilson Clark, Energy for Survival (Anchor Books: 1974) and Allen L. Hammond,
William D. Metz and Thomas H. Maugh II, Energy and the Future (American Association for the
Advancement of Science: 1973).
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concentrations in which the bulk of this resource exist are low ..:..! Hence, although there is no
possibility of "running out" of uranium, as lower grades of ore are mined, the quantities of rock
moved approach the quantity of coal that wou Id have to be mined to produce the same amount
of net energy.

THE NUCLEAR FUEL CYCLE
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In the next stage of the fuel cycle the uranium ore is milled and the uranium extracted. This
milling is not unlike

the

extractive processes for other metal ores. The rock is crushed to fine

particles, and the uranium is removed by a combination of chemical and physical processes. Over
99% of the ore is left at the mill site as "tailings" - fine, sand -like particles.
The extracted uranium, which at this stage is

in

the form of an oxide called "yellowcake,"

then passes through some intermediate processing and is sent to the enrichment plant. For
technical and economic reasons (based in large part on the existence of large enrichment plants
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which the United States built for the military weapons program), the most common types of

'_/ Uranium reserves are discussed in many recent reports and papers. See, for example, David J.
Rose, "Nuclear Eclectic Power", Science, 19 April 1974, pp. 351 -359.
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United States power reactors use "enriched" uranium as fuel. Other reactor types, for example
the Canadian CANDU reactor, use unenriched uranium as fuel. Enrichment means that the
concentration of the isotope uranium-235 is increased over its concentration in natural uranium,
which is over 99% uranium-238. The changes resulting from enrichment are as follows:

Uranium Isotope

Natural Uranium

Enriched Uranium
in Conventional
Reactors

U-235

0.7%

3-4%

U-238

99.3%

96-97%

There are three uranium enrichment plants in the United States, located in Ohio, Kentucky,
and Tennessee. All were constructed during and after World War 11 as an integral part of the
weapons program.
After enrichment, the uranium is transported to fuel fabrication plants. In these plants the
uranium is converted to ceramic pellets of uranium dioxide (UO2) -

the form in which the

uranium is used as part of the reactor fuel. These pellets are inserted into long, thin-walled tubes,
called cladding, each about one-half inch in diameter and some twelve feet long. The filled tubes
are called fuel rods or fuel pins. These fuel rods are then assembled into bundles, the geometry of
which is carefully controlled, and held in place by various structural members. These mechanical
assemblies of fuel rods and structural members are called fuel elements.
The fuel elements are then transported to the site of the nuclear power plant, the reactor.
Although reactors are complex machines, for purposes of understanding the nuclear fuel cycle it
is sufficient to consider only two nuclear reactions that take place within them. These
reactions are ( 1) the splitting, or fission, of the nuclear fuel in which energy and neutrons are
produced and (2) the "breeding" of additional nuclear fuel from "fertile" material and neutrons.
All nuclear reactors, current or proposed, burr:i one of three fuels, uranium-233, uranium-235, or
plutonium-239. As noted, the fuel used in today's reactors is uranium-235, the only one of the

.

three potential fuels which occurs in any quantity in the earth's crust. Virtually all of the U-233
and Pu-239 is man-made. The process of making these two fuels is called "breeding."
The reaction which produces the heat, which boils the water, which makes the steam, which
turns the turbine, which produces the electricity, which runs Jack's toothbrush is the splitting of
an atom of nuclear fuel:
(fission)
nuclear fuel + neutron------>~

fission products + neutrons + heat

6

The fission products are two elements lighter than uranium. These fission products are highly
radioactive. They constitute most of the radioactive waste which is intrinsically associated with
nuclear fission. The quantities and composition of the fission products for each fuel are
quantitatively similar.
Much of nuclear reactor engineering is concerned with the conservation of the neutrons which
are produced by fission. These neutrons end up in one of three places. At least one of the two
or three neutrons produced in each fission must be used to fission another atom of nuclear fuel
and maintain the chain of fission reactions. Some of the neutrons are wasted by being absorbed
by structural materials in the reactor, by fission products, by the reactor coolant, or in other
ways are lost. Much effort goes into minimizing the number of neutrons wasted in this way, for
there is another reaction that is encouraged, "breeding" of more nuclear fuel. As indicated
above, the largest component of the uranium fuel is not the fissionable isotope, U-235, but is
non-fissionable

U-238. U-238 is, however, a "fertile" material and undergoes a reaction with

neutrons to "breed" the fuel plutonium-239:
U-238 + neutron

(breeding)

Pu-239

Although most of the current generation of nuclear power plants use the uranium-plutonium
cycle, it is also possible to breed fuel from another common element, thorium. Thorium-232,
like uranium-238, is a naturally occurring isotope. Thorium-232 is not a fuel but it is a fertile
isotope from which the fuel uranium-233 can be bred. The reaction is similar to that which
produces plutonium-239:
Th-232 + neutron (breeding)

>

U-233

All of this description is equally applicable to the current generation of reactors and to the
more advanced types of reactors that are being proposed. Today's reactors are called "burners"
because they burn more fissionable material than they produce. Plutonium is made in today's
"burners," but less than one atom of plutonium is produced for each atom of uranium-235 that
is split. A key difference between today's burners and the proposed "breeder reactors" is that a
breeder reactor would produce more than one atom of the fuel plutonium-239 for each atom of
fuel that undergoes fission.
The fuel elements are placed in the reactor and remain there for a variable length of time,
typically three years, during which time the fission and breeding reactions take place in the fuel.
During this period the concentration of U-235 fuel is being reduced and the concentrations of
fission products and Pu-239 are building up in the fuel. After being removed from the reactor,
the used fuel elements are known as "spent fuel." Unlike the new fuel, spent fuel is highly
radioactive,

thermally hot because of the decay of the radioactive fission products, and

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

I

7

I

extremely dangerous to handle. The spent fuel is stored at the reactor site for several months to

I
I
I

permit it to cool.
The fuel cycle described thus far already exists in the United States today, at least insofar as
burner reactors are concerned. There are enrichment facilities, several uranium fuel fabricating
plants and about 100 nuclear power reactors either in operation or under construction. However,
the remaining steps in the fuel cycle - the so-called "back end" of the cycle - remain to be
commercially implemented, and breeder reactors have not yet been introduced.
Nuclear industry plans call for the eventual shipment of spent fuel from reactor or other

I

storage sites to chemical reprocessing plants. At the reprocessing plant the spent fuel would be

I
I

three of the component parts: ( 1) the remaining uranium, (2) the fission products, and (3) the

I
I

the enrichment plant. And, as will be discussed at more length below, it has been proposed that

I

I

mechanically chopped up, dissolved in acid, and a chemical separation system used to isolate

plutonium. The principal purpose of reprocessing is to recover the plutonium for future use as
reactor fuel.
The recovered uranium would be recycled back into the nuclear fuel cycle by returning it to

the plutonium be used as fuel for other nuclear power reactors. Were that application found
acceptable, the plutonium would be shipped directly from the chemical reprocessing plant to a
fuel fabrication plant.
The fission products, and other radioactive waste products produced by the nuclear reactor,
constitute the high-level radioactive wastes. The "other radioactive wastes" include "activation
products" - those materials in and near the reactor core which are made radioactive incidental
to being in the reactor - and "transuranic elements." Although they constitute a small fraction

I

of the radioactive wastes, the presence of the transuranic elements complicates the management
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The transuranic elements -

I

of the wastes. The two principal reactions which take place in a reactor were mentioned above.
those with atomic number greater than that of uranium -

are

produced by several reactions which begin with the capture of a neutron by uranium but which
do not lead to fission. The breeding reaction which produces plutonium from uranium is an
example. Other transuranic elements, such as neptunium, americium and curium, are also
produced and are retained in the radioactive waste, as is a small portion of the plutonium-239,
after reprocessing. They are highly radioactive. Many of them have exceedingly long half-lives,
measured in hundreds of years to tens of thousands of years rather than the half-lives of about
30 years or less associated with the most troublesome of the radioactive fission products.
Because of their deadly radiation, these reactor wastes have to be isolated from the biosphere
for hundreds of thousands of years. Were the wastes composed only of fission products, one

8

could credibly talk about waste storage for only about 1,000 years, a staggering task in itself.
But because of the presence of . the transuranic elements in the waste, the storage time is
extended to hundreds of thousands of years. The radioactive wastes must be completely isolated
from the biosphere essentially forever.~/
IV. HAZARDS OF THE NUCLEAR FUEL CYCLE

The three fundamental problems of nuclear fission are: ( 1) the possible release of radioactivity
to the environment, (2) the possible diversion of nuclear fuels for weapons purposes and the
resulting proliferation of nuclear arms, and (3) the changes in society required by the effort to
cope with the first two. Each of these problems is already quite real; each would be heightened
substantially by decisions permitting the commercial use of plutonium as a primary fission fuel.
The first two of these problems are discussed in this section. The question of social impacts is
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considered in Part V.
A.

Radiation Releases

Large quantities of radioactive materials can potentially be released to the environment either
accidentally or by deliberate acts. Throughout the nuclear fuel cycle today and for many
generations to come there will be innumerable opportunities for accidents, miscalculations and
acts of deranged humans.
1.

Reactor Accidents and Sabotage

The potential for mishaps at the reactor which could resu It in environmental releases of fission
products, reactor fuel, and other radioactive contents of the reactor has received a great deal of
attention in recent years. The reactor is only one stage of the nuclear fuel cycle at which such
releases could take place - hence reactor safety is but one aspect of the more general hazard.
Such environmental releases can also occur at a fuel reprocessing plant, for example, and during
transportation between facilities. Reactors have received more attention than these other points
of potential release because these issues have arisen during the licensing of reactors. If the
decision to proceed with plutonium recycle is made, and attempts are then made to license fuel
reprocessing plants, it can be expected that analyses of possible mishaps will similarly then be
done for the reprocessing plants.
Although the industry is understandably concerned with all accidents -

which at the very

least would cause the reactor to be shut down or damage equipment with resulting economic loss
- the public policy debate centers around accidents that would lead to environmental releases of

For a thoughtful, and a more detailed, review of the fission fuel cycle, see: Union of
Concerned Scientists, The Nuclear Fuel Cycle, Cambridge, Mass., October 1973.
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fission products or nuclear fuels. There are many different kinds of events that could initiate
such an accident. The consequences of the release of a large portion of the radioactive materials
in a reactor would be catastrophic. The controversy is over the probability of such accidents and
the adequacy of measures to prevent releases should an accident occur.
The consequences of major accidents, and the adequacy of the measures which are said to
render their probability vanishingly small, have been the subject of legal action, of extensive
hearings, of reports seemingly without end, of conferences, and yet are in dispute ...:./ Were there
no question but that the consequences were tolerable, or the probability sufficiently small, the
matter would have been long since resolved. The matter, however, has not been resolved. One of
the more recent efforts on the part of the AEC was a major study of these accidents, the result
of which was published in draft form in August 1974. This study, which is commonly known as
the "Rasmussen Report" or "WASH-1400," purports to show that the probability of such
. catastrophic accidents, as computed by the usual engineering techniques, is vanishingly small.
There are two levels of review that must be given to any study such as the AEC's accident
analysis, WASH-1400. The first is a basic technical critique. There have been several technical
reviews of that study, including one by the Union of Concerned Scientists (an independent
technical group centered in Cambridge, Massachusetts), and one by the U.S. Environmental
Protection Agency. A study group sponsored by the American Physical Society considered the
general questions associated with light-water reactor safety and published its results in April
1975. Each of these studies has identified significant technical flaws in the Rasmussen analysis.
One must also ask whether analyses such as the Rasmussen study would be relevant to the
broader issue of the acceptability of nuclear power even if they were free from technical flaws.
In the first place, the Rasmussen study deals only with two specific reactor designs, boiling
water and pressurized water reactors. There appear to be no similar efforts for other reactor
designs, either operating or proposed, or for the other facilities or transportation steps in the fuel
cycle at which environmental releases might take place.
Even in the assessment of accidents that the Rasmussen study attempts, there are factors
which cannot easily be assessed. A major reactor accident can derive from various sources,
including the random failure of engineered components, oversight in design: human error in

Science, summarized the development and status of the reactor
safety situation in an award-winning series of articles. These articles are as follows:
"Nuclear Safety (I): The Roots of Dissent", Science, 1 Sept. 1972, pp. 771-776;
"Nuclear Safety (II): The Years of Delay", Science, 8 Sept. 1972, pp. 867-871;
"Nuclear Safety ( 111): Critics Charge Conflicts of Interest", Science, 15 Sept. 1972, pp.
970-975;
.
"Nuclear Safety (IV): Barriers to Communication",Science. 22 Sept. 1972, pp. 1080-1082.

I_/ Robert Gillette, writing in
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operation of the reactor, or acts of God such as earthquakes. At best, engineering studies,
component redundancy, care in siting, and other precautions can reduce the incidence and
consequences of these events.
There is a fifth class of accidents, however, that cannot be so easily dismissed - and that is
those accidents that are deliberately caused by human action. Technological events occur on
earth usually because men have willed it. It is easier to destroy something than it is to construct
it. Sabotaging a reactor is necessarily a minor technological task compared to building one.
Reactor accidents will happen when men want them to happen.
How do these considerations relate to the AEC's stated objective for reactor safety? For this
objective there must be some ritual to obtain probabilities of accidents. These rituals, such as the
Rasmussen study, may give a crude representation of the first four sources of major accidents,
which may in turn provoke technological, economic and social response that will bring the real
incidence into compliance with the objective, or will modify the objective itself. The point is
that the fifth source of accidents will not and cannot be included there, and in the process the
baby goes out with the bath water. David Rose, discussing these "illegal acts," noted that, "The
problem is vexatious, and even discussion can be dangerous." When during a conference in
Stockholm in November 1974, Norman Rasmussen was asked to comment on the above analysis,
his response was that perhaps these things should not be discussed, for to discuss them makes
them more probable. Given the gravity of the situation, these responses are understandable, but
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it does mutate the political life in a democracy when public policy decisions must be made even
though some factors underlying those decisions must not be discussed.
In his analysis of the Rasmussen report, after developing the above arguments, Donald
Geesaman comments)../
Reality is more inclusive than the remote numerata of the systems analysts.
There are Klaus Fuchs and Lee Harvey Oswalds. There are heroin thefts at the
New York Police Department and gambling hanky-panky in the highest
echelons of AEC security personnel. There are Huston plans and White House
plumbers; Argentinian kidnappings and Chilean coups. There are the angry
sectarian confrontations by the Spanish Basques and the Canadian Separatists
and the I.R.A. There is terrorist violence at Khartoum and Munich and Tel
Aviv; the attack on Princess Anne and the Hearst kidnapping. There are
resurgent nationalism and alienated minorities, the hopeless, the poor, the
vicious, the pathological, and most important of all, the brilliant, for raw
human intelligence spreads across all human classifications; and 'where there's a
will there's a way.'
l I
....1

The above discussion of the various sources of accidents in reactors was based on analysis of
the Rasmussen report by Donald Geesaman. His review, including the direct quote, is contained
in his comments to the Minnesota Pollution Control Agency, "Statement in Support of a Nuclear
Moratorium for the State of Minnesota", December 12, 1974.
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The situation in which we find ourselves regarding nuclear events is in some ways paradoxical.
The nuclear and utility industries are on the one hand denying that these deliberately caused
releases of radiation, for example by intentional disruption of a power plant, are credible events.
On the other hand, these industries are busily arming and fortifying power plants and other
nuclear installations. Likewise they are telling us that we need not worry about accidents
caused by other than human intervention, citing the Rasmussen study as proving that these
events are virtually impossible. Then we discover that two of the largest, newest, and supposedly
most sophisticated power reactors - two Tennessee Valley Authority reactors at Browns Ferry,
Alabama - have had their safety and control systems disabled by a workman lighting a candle in
the wrong place.
The nuclear industry is also actively lobbying to obtain from Congress a further extension of
the Price-Anderson Act. The Ford Foundation Energy Policy Project reviewed the development
of the Price-Anderson Act:!..J

Revision of the Price Anderson Act: The difficulties the nuclear industry has
experienced in achieving a high level of quality control in the design,
construction and operation of nuclear facilities strongly suggest that it may
need a greater incentive to apply the required high level of expertise and
discipline to environmental control problems.
The production of nuclear energy is potentially a very hazardous activity. In
most business activities, the potential liability, or the costs of insurance to
protect against liability, are recognized as elements of costs by an enterprise
considering whether to engage in a hazardous undertaking. If these costs are
excessive, the market system automatically halts the hazardous activity. With an
enterprise held strictly liable, the market system would be society's first line of
defense against catastrophic accidents. In the case of the nuclear industry, this
safeguard and its powerfu I monetary incentive for the industry has been
replaced by a reliance on the effectiveness of AEC regulation, as provided for
under the Price Anderson Act.
In 1957 Congress passed the Price Anderson Act to eliminate a major
roadblock to the commercialization of nuclear power - the industry refusal to
invest in nuclear power for fear of bankrupting liability in case of an accident
that might cause billions of dollars of damage. The insurance industry at that
time was unwilling to provide any more than $60 million in liability insurance.
Under the Act, the AEC requires nuclear licensees to buy as much private
insurance as they can get against damages that might arise from a nuclear
accident. The AEC itself provides indemnity in addition, at cut-rate fees, to
further cover the licensee.
To give an example of how this works, one recently licensed nuclear power
plant pays an annual premium of $250,000 for the maxim~m insurance
coverage of $95 million, and an annual fee to the AEC of $73,500 for $465
million indemnity coverage.
The Price Anderson Act provides that all liability is cut off at $560 million.
Ford Foundation Energy Policy Project, A Time to Choose, Ballinger Press, Cambridge, Mass.,
1974, pp. 220-221.

1__J
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If liability claims are more, the $560 million fund is apportioned pro rata
among claimants. Thus, if an accident causes damages of a billion dollars, each
person injured will recover only about 50 percent of his loss. Price Anderson
therefore provides a substantial subsidy to the nuclear industry. The
continuation of this subsidy to nuclear power, as the technology moves from
the R&D stage to full commercialization, has been criticized by some experts.
One of these experts is Professor Harold P. Green. The situation which he described in 1972
persists today :!...l
. . . Some segments of the public simply do not have confidence in the AEC
because of its so-called conflict of interest; and they do not have confidence in
safety experts because they are believed to be in the pocket of the AEC and
industry.
And, more importantly, they cannot believe that nuclear power plants are as
safe as they are advertised to be so long as the Price-Anderson Act shows that
the JCAE [ the Joint Committee on Atomic Energy], the AEC, and industry
regard the risk of a catastrophic accident as real. Indeed, there seems to me to
be something fundamentally wrong with a system which subjects the public to
the risk - however remote - of a catastrophic accident when industry itself is
not prepared to assume this very same risk without the protective umbrella of
Price-Anderson.
The Ford Foundation Energy Policy Project, noting that the extension of the Price-Anderson Act
is now again before the Congress, included in its recommendations::..!
. . . It is our view that the nuclear power industry is now sufficiently mature
for a revision of the Price Anderson Act, so that the market place will reflect
the potential social costs of nuclear power. If nuclear power is indeed as safe as
the AEC and the industry claim, the risks are small enough to be borne by the
enterprises involved. If the utilities are unwilling to build new plants on certain
sites, or to buy reactors of certain designs, without the shield of Price Anderson,
then those locations and those plants are too risky to be built.
Industry spokesmen, considering the possibility that the Congress wou Id not extend the
3

Price-Anderson Act in 1975, made such comments as::_;
The impact of no Price-Anderson would or could be severe ... perhaps dire;
. . . in the absence of Price-Anderson protection both utilities and the
architect-engineers would get out of the nuclear business; ... both utilities and
reactor vendors would be forced to quit the business because of stockholder
suits, . . . I believe non-passage would force the thing into the public sector toward a public corporation.
Thus, the risk is real. The companies involved are voting with their dollars.
Although most of the discussion thus far is applicable to any reactor type -

or to other

facilities in the nuclear fuel cycle - the proposed liquid metal fast breeder reactor (LMFBR) has

Nuclear News, September 1972,
pp. 75-78.
:../ Ford Foundation Energy Policy Project, A Time To Choose, op. cit., footnote~ I p. 11.

1_/ Harold P. Green, "Nuclear Safety and the Public Interest",

:!...} As quoted in

Nucleonics Week, November 28, 1974.
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characteristics that make its potential accidents even more serious.
The LMFBR would be even less safe than today's light water reactors. The breeder core,
where the heat is generated, is far more compact than a light water reactor core, and instead of
water the breeder uses liquid sodium - a highly reactive element - as coolant. Partial loss of
coolant - "voiding" - in a breeder reactor increases the nuclear reaction in the core rather than
reducing it as is the case in water cooled reactors. The LMFBR's operation is extremely sensitive
to fuel motion and loss of coolant from the core in accident situations, leading to the possibility
of an explosive release of nuclear energy. In the event of a meltdown, the breeder's highly
enriched fuel can rearrange itself into a more compact configuration with the possibility of small
,1uclear explosions of sufficient force to violently breach the reactor containment. There are
major uncertainties in defining the maximum explosive potential of this accident, which are all the
more worrisome considering the several tons of plutonium contained in the breeder core.1_/
2.

Plutonium Toxicity

A second range of concerns stems from the proposal to make plutonium into our principal
energy fuel. Because of its radiological properties, plutonium is an exceedingly toxic material.
Plutonium-239, the isotope proposed for use in the nuclear fuel cycle, is an alpha emitter. Its
half-life is 24,000 years, so that its radioactivity is undiminished within human time scales.
Because of the ionizing radiation which it emits, plutonium is carcinogenic if taken into the
body. The maximum permissible, non-occupational

lung burden of Pu-239, by currently

applicable standards, is approximately 8 X 10 -9 grams. :..1 Were some mechanism available to
uniformly distribute only one ounce into human lungs, that ounce would afflict 3.5 billion
people with the maximum permissible exposure.
In terms of the total weight of material that represents a lethal dose, Pu-239 is at least 20,000
times more toxic than cobra venom or potassium cyanide, and 1,000 times more toxic than
modern nerve gases. It is perhaps less toxic, in these same terms, than some especially virulent

1_/ Accidents in the proposed LMFBR, and other aspects of the proposal to rapidly develop this
reactor type, are discussed more fully in "The Breeder Reactor: A Poor Buy''., op. cit., footnote
':_J p. 3.

':.l The maximum permissible concentration (MPC) for plutonium in air is 10- 18 curies/ml
(insoluble plutonium). The maximum permissible lung burden is 5 X 10-10 curies for the general
population. There are no generally recognized standards for ground contamination, but recently
the State of Colorado adopted a maximum surface contamination level of 1o- 8 curies per square
meter. Plutonium-239 has an activity of 0.06 curies/gram.
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biological material, such as botu Ii nus toxin or the infectious agent of anthrax ..:./ No one, as far
as is known, is proposing the wide-scale, commerical use of multi-ton quantities of botulin toxin
or similar materials, but expansion of nuclear fission is dependent on the commercial use of
multi-ton quantities of plutonium ..:./
These statements regarding plutonium toxicity are based upon acceptance of present radiation
protection standards, when in fact the adequacy of these standards is now disputed. At least
three distinct hypotheses (with supporting experimental evidence) have been offered which
support the view that plutonium is far more carcinogenic than originally believed and that
present plutonium exposure standards are seriously deficient..:..!
Material of plutonium's toxicity must be rigidly controlled. There can be no occupational
exposures without serious risks. There can be no accidental releases, for they will lead to
environmental contamination which, as at the Nevada test site, may render an area uninhabitable
for millenia. Finally, there can be no theft. Even the acknowledgement by the responsible
authorities that there is plutonium missing would make credible the threats of those who claim
to have it and who suggest that it might be available for release.
Merely to recite these regulatory imperatives of the plutonium economy points up the
impossibility of the task.'.:./ The. AEC recently provided data on the projected extent of our

!..../ This comparison is from: Mason Willrich and Theodore Taylor, Nuclear Theft: Risks and
Safeguards, Ballinger Pub., 1974. This book should also be consulted for details of other
plutonium and nuclear fuel hazards, particularly diversion. See also Donald P. Geesaman,
"Plutonium and the Energy Decision", Bulletin of the Atomic Scientists, September 1972, pp.
33-36. The complete text of this article is included in the Appendix.

.:./ No ordinary poison has the stability or persistence of plutonium. Nerve gases can be
destroyed by heat or by various chemical treatments. Biological toxins, deadly as some of them
are, are unstable. Boil a solution of botulinus toxin for five minutes and its toxicity disappears.
Even in the dry state these toxins are readily destroyed by heat or ultraviolet light. By contrast
the 24,000 year half-life of plutonium-239 remains unchanged by anything we can do .

.:.I The "hot particle" hypothesis has been advanced by Arthur R. Tamplin and Thomas B.
Cochran of the Natural Resources Defense Council. See their Radiation Protection Standards for
Hot Particles, Natural Resources Defense Council, February 14, 1973, and also AmoYy Lovins
and Walter Patterson, "Plutonium Particles: Some Like Them Hot". Nature, March 27, 1975. A
second hypothesis is that of Edward Martell of the National Center for Atmospheric Research, as
stated in "Radioactivity of tobacco trichomes and insoluble cigarette smoke particles", Nature,
May 17, 1974. A third is the analysis of Karl Z. Morgan in Suggested Reduction of Permissible
Exposure to Plutonium and Other Transuranium Elements, submitted to Environmental Protection
Agency Public Hearings on Plutonium and the Transuranium Elements, Washington, D.C.,
February 24, 1975.

'.:.I A nuclear fuel cycle can be based on uranium-235 with breeding of plutonium-239 from the
uranium-238 or on breeding of uranium-233 from thorium-232.

In either instance, the
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reliance on plutonium. For the year 2020 the AEC estimated:
- that the equivalent of about 2000 of today's large nuclear reactors would be
operating in the United States, most of them breeder reactors;
- that total plutonium generation would exceed 30,000 tons;
- that about 60 fuel reprocessing and fabricating plants would be in operation;
and
- that about 100,000 shipments of plutonium might be occuring annually,
assuming a dispersed industry.:.!
In a plutonium economy of this size, or even one much smaller, it can be expected that
exposures of plutonium workers and the public to this deadly material would be a recurring and
tragic problem. Already the fledgling plutonium industry serving our nuclear research and
development jf1orts is experiencing great difficulties. A recent article in Science reported:..:../
Increasingly, and with a frequency that seems disproportionately high, incidents
of plutonium inhalation are being recorded from a small group of privately
owned and operated facilities engaged not in weapons work but in reclaiming
plutonium from reactor fuel and recycling it in new reactor fuel. ...
The record reveals a dismal repetition of leaks in glove boxes; of inoperative
radiation monitors; of employees who failed to follow instructions; of managers
accused by the AEC of ineptness and failing to provide safety supervision or
training to employees; of numerous violations of federal regulations and license
requirements; of plutonium spills tracked through corridors, and, in half a
dozen cases, beyond plant boundaries to automobiles, homes, at least one
restaurant, and in one instance to a county sheriff's office in New York.
Occurrences such as these can reasonably be expected to multiply into a major public health
problem in the projected plutonium economy.
3. Perpetual Storage of Radioactive Wastes
The necessity of perpetual storage of high-level radioactive wastes has been recognized since
the very inception of the nuclear program, over thirty years ago. These wastes are characterized

uranium-235 and uranium-238 are not radiologically very toxic materials. Unlike plutonium-239,
these isotopes of uranium are toxic as other heavy metals are toxic. That is, uranium-235 and
uranium-238 are comparably toxic as are lead, bismuth, cadmium or other heavy metals. The
toxicity of uranium-233, however, is similar to that of plutonium. The sarne toxicity issues must
be faced in the thorium-232/uranium-233 cycle as in the uranium-238/plutonium-239 cycle.

:.I AEC, Proposed Final Environmental Statement for the Liquid Metal Fast Breeder Reactor
Program, WASH-1535 (December, 1974), p. 7. 4-1.

:..I Robert Gillette, "Plutonium (I): Questions of Health in a New Industry", Science, Sept. 20,
1974, pp. 1030-31. This article, as well as "Plutonium (11): Watching and Waiting for Adverse
Effects", Science, Sept. 27, 1974, by the same author, are included in the Appendix.
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as being small in volume, very long lasting, highly radioactive, and biologically active. If they

I

escape into the environment, they find their way into the air, into the water, and into food
chains. There is no recourse other than to isolate them from the biosphere. Given the long

I

half-lives of the wastes, and that they are inevitably contaminated with plutonium and other
transuranic elements which have exceedingly long half-lives, the storage must be permanent.
There is no way to avoid the issue of perpetual storage of the radioactive wastes. These wastes
are produced in the fission reaction; there is no way to avoid them other than to avoid fission.
The quantities and types of wastes are essentially identical regardless of which nuclear fuel is
used. The use of advanced reactor types, for example the breeder reactor, may conserve nuclear
fuel, but the production of nuclear wastes would be the same as with present reactors. Although
there are theoretical proposals for destroying these wastes - for example by "burning" them in
fusion reactors - these proposals cannot be taken seriously. Even were fusion reactors available
- and at present they are not - it is by no means clear that they could be safely or effectively

I
I
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I

used to destroy fission wastes. To dismiss the issue of management of fission wastes by arguing
that they can be burned in fusion reactors may be interesting speculation, but it is irresponsible
public policy.
The high-level wastes are now being stored in liquid form. Everyone involved - the regulatory
agencies, the nuclear industry, and the critics - agrees that liquid storage is not acceptable.
Recently,

the AEC amended

its regulations to require that these wastes be solidified.

Solidification has been demonstrated to be possible, is underway at the military nuclear
reprocessing installations, and would be required at civilian reprocessing plants. The issue is not
whether or not the wastes should be solidified, and converted to the most nearly insoluble form
possible; the issue is where these solid wastes will be placed to assure their isolation from the
biosphere for hundreds of thousands of years.
It should also be noted that a decision not to recycle plutonium does not change the waste
management problem in any significant way. With plutonium recycle the spent fuel would be
sent to a chemical reprocessing plant where the plutonium, unused uranium, and radioactive
wastes would be separated. The waste would then be solidified and would have to be stored.
Were there no plutonium recycle the spent fuel would not be reprocessed. Instead the spent fuel
would itself constitute the solid, relatively insoluble, high-level waste. In either instance the solid
waste must be perpetually safeguarded.
There is as yet no high-level waste storage site. There is not even a credible proposal for such
a storage site. This is particularly disturbing since the existence and severity of the waste storage
problem has been known since the first days of the nuclear age and there has been thirty years
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of study and policy review. In the early 1970s the Atomic Energy Commission publicly
acknowledged that it was not able to advance a proposal for a permanent storage site, and
proposed that certain "interim" storage repositories be established. These were described as
lasting for 30 to 100 years. In early 1975 the new Energy Research and Development Agency

I

I
I

(ERDA), one of the successors to the AEC, withdrew this "interim" storage proposal and its
accompanying draft environmental impact statement. ERDA has announced that it will again
search for an acceptable permanent storage site. The hope associated with the "interim" storage
proposals was apparently that future generations would be able to resolve a problem that this
generation is finding insoluble. ERDA now is trying again to find the permanent storage site and
in the meantime more waste is being generated ..:./

I
I
I
I

B. Nuclear Weapons Proliferation

The second fundamental problem of the fission economy is that of nuclear proliferation - the
spread of nuclear weapons to nations, separatist factions, terrorists, blackmailers and even
fanatical individuals. Three questions are critical here. First, are materials that can be used to
construct nuclear weapons available in the commercial nuclear power industry as it exists today
and as proposed for the future? Second, if such materials are used in the nuclear power industry,
will it be possible to prevent them from being stolen or otherwise diverted to weapons purposes?
And third, if such materials are stolen, is it possible for criminal and terrorist groups to design

I
I

I
I
I
I

I
I
I

and construct atomic weapons? These questions will be considered here in reverse order.
1. Illicit Nuclear Weapons
The question of the difficulty of constructing an atomic bomb has been definitively answered.
An experienced nuclear weapons designer, Theodore Taylor, and his colleague Mason Willrich,
within the past few years have written and edited a series of books and reports which deal with
these issues in a most explicit fashion. Their work establishes that given the requisite nuclear
material the bombs can easily be made. The situation was summarized by Dr. Taylor in his

:l Several of the articles in the Appendix discuss the management of high-level radioactive
wastes. Two papers, the full text of which are included in the Appendix, deal with the issues
directly and with authority. They are: Alvin M. Weinberg, "Social Institutions and Nuclear
Energy", Science, 7 July 1972; and "Can Man Live with Fission?", Proceedings of I/ASA
Planning Conference on Energy Systems, July 1973.
For a more detailed discussion of radioactive waste issues, see: "Citizen's Guide: The National
-Debate on the Handling of Radioactive Wastes from Nuclear Power Plants", 49 pp., booklet
available from Natural Resources Defense Council, Inc., 664 Hamilton Avenue, Palo Alto,
California 94301.
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1974 testimony before the United States Congress, Joint Committee on Atomic Energy:.:l
First, nuclear weapons are relatively easy to make, assuming the requisite
nuclear materials are available. All of the information, non-nuclear materials,
and equipment that would be required to design and build a variety ot types of
fission explosives are readily available throughout the world. The technical skills
and resources required would depend on the desired efficiency, predictability,
total weight, and yield of the explosives. Under conceivable circumstances, for
example, a few persons, perhaps even one person working alone, who possessed
about ten kilograms of plutonium or uranium-233 oxide or two dozen
kilograms of highly enriched uranium oxide and a substantial amount of high
explosive could, within several weeks, safely design and build a crude,
transportable fission bomb. By a 'crude, transportable fission bomb' I mean one
that would be very likely to explode with a yield equivalent to at least 100
tons of high explosive, and that could be carried in an automobile. This could
be done using materials and equipment that could be purchased at a hardware
store and from commercial suppliers of scientific equipment and materials for
student laboratories. All types of plutonium, highly enriched uranium, or
uranium-233 now used or contemplated for use by the nuclear industry could
be used for this purpose, as long as they are not diluted with large amounts of
nonfissionable materials or mixed with dangerous quantities of gamma-ray
emitting radioisotopes, such as fission products. The explosion of such a device
could, under many circumstances, kill at least tens of thousands of people.
Smaller quantities of plutonium or uranium-233 than are required for fission
explosives could also be incorporated into dispersal devices that could
contaminate very large volumes of air with lethal concentrations of suspended,
small particles of these substances that are exceedingly toxic if they are
breathed. Air dispersal of a few grams of the type of plutonium now being
produced in power reactors could kill most of the occupants of a large office
building or enclosed industrial facility.
A special safeguards study by the U.S. Atomic Energy Commission, :_J released in April 1974
by Senator Ribicoff, acknowledged the accuracy of Dr. Taylor's assertions and the hazard by
noting:
Even though safeguard regulations have just been revised, two factors have
appeared in recent months which make necessary a new and fundamental look
at the problem. The first of these is the widespread and increasing
dissemination of precise and accurate instructions on how to make a nuclear
weapon in your basement. While such information may have always been
available in the unclassified literature it was masked by a great deal of
irrelevant and incorrect information, also readily available. There is a slow but
continuing movement of personnel into and out of the areas of weapons design
and manufacturing. These moves are sometimes forced and can create very
strong resentments in the people involved. As a result, larger and larger
numbers of people with experience in processing special nuclear materials and
with varying psychological attitudes are dispersed in the overall industrial
community. In addition, the psychological effect on terrorist groups of
widespread dissemination of such information should not be overlooked.
1 I
-1

Theodore B. Taylor, Hearings on Nuclear Reactor Safety, Part 2, Vol. 1, pp. 525-529, Joint
Committee on Atomic Energy Hearing Report, Jan. 28, 1974, U.S.G.P.O., Washington, D.C. The
entire text of Dr. Taylor's testimony is included in the Appendix.
:_J David M. Rosenbaum, et al., [U.S. Atomic Energy Commission] Special Safeguards Study,

April 1974. The full text of this study is included in the Appendix.
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The second new factor is the recent start of political kidnappings within the
United States. It is our opinion that the kidnapping of Patricia Hearst does not
represent an isolated and passing incident, but is rather the precursor of a wave
of such incidents. If not firmly and competently met, these kidnappings may
lead to a rise of urban terrorist groups in this country of a sort without
precedent in our history. These groups are likely to have available to them the
sort of technical knowledge needed to use the now widely disseminated
instructions for processing fissile materials and for building a nuclear weapon.
They are also liable to be able to carry out reasonably sophisticated attacks on
installations and transportation. We believe these new factors necessitate an
immediate and far reaching change in the way we conduct our safeguards
program.
In sum, even sophisticated amateurs could make a nuclear weapon if they had the necessary
materials. The manufacture would be far easier than is commonly believed; the necessary
technical information is readily available to anyone; and the purity and chemical form of the
plutonium are immaterial if the weapon need not be predictable and highly efficient.
2. Nuclear Theft and Diversion
The powerful motivation of other nations to obtain nuclear power technology as a stepping
stone to nuclear weapons capability has been noted recently by the U.S. Arms Control and
Disarmament Agency and others. But we neglect the equally powerful motive of terrorists and
. black marketeers at out peril. The commercial value of plutonium is roughly comparable to that
· of black market heroin; plutonium might be hundreds of times more valuable to some group
wanting a powerful means of destruction. In our troubled world, terrorist activity and other
anti-social violence is an almost daily occurrence. A recent AEC study identified more than 400
incidents of international terrorism carried out by small groups during the past six years. In an
age of bombs and bomb threats, of aircraft hijacking, of the ransom of diplomats and the
murder of Olympic athletes, the risk of nuclear theft, blackmail and terrorism are not minimized
even by some of the most ardent supporters of nuclear energy. Thus former Atomic Energy
Commissioner Clarence Larsen has described the evolution of a plutonium black market:2-/
Once special nuclear material is successfully stolen in small and possibly
economically acceptable quantities, a supply-stimulated market for such illicit
material is bound to develop ... As the market grows, the number and size of
thefts can be expected to grow with it, and I fear such growth would be
extremely rapid once it begins.
And the AEC's own "Rosenbaum Report" concluded:.:./

I
I
I

:J Clarence E. Larsen, "Nuclear Materials Safeguards: A Joint Industry-Government Mission", in
Proceedings of AEC Symposium on Safeguards Research and Development, Oct. 27-29, 1969,

WASH-1147 (Washington, D.C., The Commission, 1969); and Deborah Shapley, "Plutonium:
Reactor Proliferation Threatens a Nuclear Black Market", Science, April 9, 1971, p. 143.

:l AEC, Special Safeguards Study [ Rosenbaum Report], op. cit, footnote ::__/ p. 18.
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In recent years the factors which make [safeguarding nuclear material from
theft] a real, imminent and vital issue have changed rapidly for the worse.
Terrorist groups have increased their professional skills, intelligence networks,
finances and level of armaments throughout the world.
The current safeguards against nuclear theft required by the United States government are
acknowledged to be inadequate. There is substantial disagreement as to whether an acceptable
safeguards scheme can be devised and successfully implemented on the required scale and for
long periods. It is unlikely that such a system can be achieved, for several reasons.
First, unprecedented and ultimately unworkable demands will be placed on those who operate
the safeguards program. Our safeguards system must be essentially infallible. It must maintain
what Alvin Weinberg, former director of the Oak Ridge National

I
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Laboratory, has called

"unaccustomed vigilance" and "a continuing tradition of meticulous attention to detail" ..:../ And
it must do so on a worldwide scale and in the face of - not a machine -

but a determined,

intelligent and well-financed opposition. Our human institutions and those who act within them
are far from infallible. The AEC has indicated support for the creation of a federal police force
to provide an immediate federal presence whenever the use of force may be needed to protect
these materials from falling into the hands of would-be saboteurs and blackmailers. But is there
anyone who believes that police are effective at a level commensurate with the potential nuclear
hazard? The New York City police department was proven incapable of maintaining security over
confiscated heroin. Are similar losses of plutonium acceptable? It is apparently impossible in
today's world to prevent any desirable commodity from being stolen. Why should it be different
for plutonium?
Second, our experience with present safeguards is hardly reassuring. At a recent safeguards
symposium the director of the AEC's Office of Safeguards and Materials Management observed
that "we have a long way to go to get into that happy land where one can measure scrap
effluents, products, inputs and discards to a one percent accuracy.":..! This statement takes on
particular significance when it is realized that only one half of one percent of the plutonium
that, under AEC projections, would be utilized by the commercial sector in the year 2000 is
enough to make hundreds of atomic bombs. A recent spot check by General Accounting Office
(GAO) investigators of three AEC licensed contractors showed that in some cases access to easily
portable quantities of special nuclear material could be gained in less than one minute using the
simplest of tools. At two of the three plants checked, GAO found weak physical barriers,

'_/ Weinberg, "Social Institutions and Nuclear Energy", op. cit. footnote_!__/, p. 17.

!.../ Cited in Geesaman, "Plutonium and the Energy Decision", op. cit., footnote J_j p. 14.
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ineffective guard patrols, ineffective alarm systems, lack of automatic-detection devices, and the
absence of an "action plan" should material be stolen or diverted. In contrast, the AEC's
inspectors were giving the same facilities good marks on virtually every security category.!...!
And third, safeguards measures proposed by the AEC and N RC have been opposed by the
nuclear industry. The degree to which the industry is sensitive to the diversion hazards is
apparent in the vigorous industry opposition to the modest strengthening of the safeguards rules
thus far attempted;..i
These difficulties raise the question of whether plutonium is simply too dangerous for
commercial application. A basic question is whether we want to entrust so demanding and
uncompromising a technology as plutonium-based nuclear power to fallible human institutions
and to unproven technical fixe~
3. The Plutonium Economy
It is important to emphasize at this point that the nuclear industry plans which would make
plutonium accessible to criminal elements have not yet been implemented. They can still be
halted at this early stage before there is a premature commitment to a commerical plutonium
economy.
What the AEC once called the "plutonium economy of the future"~ would begin with the
recovery of plutonium from spent fuel from today's reactors at reprocessing plants and the
recycling of that plutonium back into those reactors as a· fuel, substituting for uranium. The
second and final step into the plutonium economy would come with the introduction of the
plutonium breeder reactor in the 1990's.
Plutonium recycle at this point is still a gleam in the eye of the nuclear industry. No nuclear
power plants are now using plutonium commercially. No major commercial plutonium fuel
fabricating plants are operating or under construction, and no fuel reprocessing plants are
operating now. The first commercial reprocessing plant built in the United States, the Nuclear

!..J General Accounting Office, Improvements Needed in the Program for the Protection of
Special Nuclear Material (GAO: November 7, 1973) B-164105.
:J Nuclear Industry, "Industry Inundated by Proposed New Safeguards Rules" ( February 1973),
pp. 45-47; Nuclear News, "Physical Protection Plan Draws Utility Opposition" and "SNM
Transport Proposals Arouse Controversy" (April 1975), pp. 48-52, 97-98.

:J The discussion in the preceding paragraphs draws heavily on J. Gustave Speth, Arthur R.
Tamplin, Thomas B. Cochran, "Plutonium Recycle: The Fateful Step", Bulletin of the Atomic
Scientists (November 1974), pp. 15-22. This article is included in the Appendix.
~ Glenn T. Seaborg, "The Plutonium Economy of the Future",
(Washington, D.C.: Atomic Energy Commission, October 5, 1970).
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Fuel Services Plant in West Valley, New York, was shut down in 1972 for repairs and
enlargement. The Midwest Fuel Recovery Plant under construction near Morris, Illinois, has been
declared an almost total loss due to faulty design and construction. The Barnwell Nuclear Fuel
Plant in South Carolina is 70 percent complete. Thus, since mid-1972, all spent fuel from light
water reactors has been simply stored with the plutonium still in it.
As long as the plutonium in spent reactor fuel has not been reprocessed to separate it from
the highly penetrating radiation in the reactor waste products, it is relatively immune from theft.
But the proposal to permit reprocessing and recycling plutonium is now pending before the
Nuclear Regulatory Commission, and approval of this proposal by NRC would change the picture
dramatically.~ It would initiate the plutonium economy.
Two further innovations in nuclear technology that would heighten the risk of nuclear theft
and terrorism are ( 1) the proposal to introduce the High Temperature Gas Cooled Reactor
(HTGR), a reactor which unlike today's Light Water Reactors (LWR's) operates on weapons
grade uranium, and (2) the proposal to develop new and cheaper technologies for enriching
uranium, such as laser enrichment or enrichment by gas centrifuge. Natural uranium cannot be
fashioned into an atomic bomb; nor can the low-enriched uranium utilized by today's reactors;
and the existing facilities for enriching uranium to weapons grade - gaseous diffusion plants are large, expensive and government owned. They are generally believed to be beyond the
capabilities of all but the advanced industrial nations. The introduction of the HTG R would
change this happy coincidence by putting weapons grade uranium directly in the nuclear fuel
cycle; laser and centrifuge enrichment could change it by putting the technology to enrich
natural uranium to weapons grade within the reach of small nations and subnational groups.
V.

SOCIAL IMPLICATIONS OF THE PLUTONIUM ECONOMY

These then are the basic issues upon which the arguments for curtailing the nuclear future are
based.

After the technical jargon is stripped away we are

left with:

the potential of

environmental and occupational exposure to plutonium and other radioactive materials whether
due to major or minor accidents, faulty management, or deliberate actions for disruptive

1_/ The staff of the AEC recommended in July 1974 that the Commission authorize plutonium

recycle (AEC, Draft Generic Environmental Statement on Mixed Oxide Fuels, WASH-1327, July
1974). In May 1975, following comments on that draft statement, the Nuclear Regulatory
Commission (N RC) withdrew the proposal, announced that a new draft environmental statement
would be issued in about 1976 after further studies of diversion and safeguards were completed,
and indicated that a decision on plutonium recycle could be expected in 1978. Other pending
decisions, for example the licensing of fuel reprocessing plants, also bear directly on recycle of
plutonium.
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THE PLUTONIUM ECONOMY:
A STATEMENT OF CONCERN
Large amounts of the man-made element plutonium are unavoidably produced in nuclear power
plants fueled by uranium . Plutonium is, and remains for hundreds of thousands of years, dangerous to life even in amounts so small as to be undetectable. It must therefore be infallibly and perpetually isolated from the biosphere. Plutonium,
once separated from other reactor byproducts, can
also be readily made into crude but effective
atomic weapons of mass destruction , and must
therefore be infallibly and perpetually safeguarded
from theft.
At present, plutonium is accumulating as a
byproduct of the generation of nuclear power, but
it is now proposed to use plutonium as one of
the most important fuels of the United States and
other countries. Under this proposal, plutonium
would first be used to supplement fissionable uranium in existing reactors and would later be generated and recycled in larger quantities by fast breeder
reactors specially designed for this purpose. The
use of plutonium as a nuclear fuel would permit a
vast expansion in our reliance on nuclear fission
power, for our low-cost uranium supplies are
limited .
Plans for the next few decades include hundreds of fast breeder reactors, scores of special
fuel plants, and hundreds of shipments of plutonium each day throughout the United States, and
similarly in many other countries. Twenty years
from now, hundreds of tons of plutonium would
be produced annually in the United States, and
production would be rising rapidly. But the
amount needed to make a nuclear bomb will remain less than 20 pounds, and the amount needed
to induce lung cancer will remain a few hundredmillionths of an ounce.
We believe that the proposed "plutonium economy" is morally indefensible and technically objectionable. At many stages in the nuclear fuel
cycle - including reactor operation, fuel transport,
reprocessing, fabrication and waste management
- opportunity exists for catastrophic releases of
plutonium and other radioactive materials through
accident or malice. There is no validated scientific
basis for calculating the likelihood or the maximum
long-term effects of such releases, nor for guaranteeing that risks will not exceed a particular level.
All of the present or planned precautions intended
to prevent releases are imperfect and, for fundamental reasons, are likely to remain so. We fear that
the cumulative effect of these imperfections may
well be unprecedented and irremediable disaster.

In a plutonium economy, moreover, nuclear
theft and terrorism , weapons proliferation to both
national and subnational groups, and the development of a plutonium black market seem inevitable.
None of these problems will respect national boundaries, and the difficulties of international cooperation will complicate efforts to contain them .
In an effort to suppress nuclear violence and
coercion, to limit the spread of illicit nuclear
weapons, and to encourage the needed perpetual
social stability, the United States and other countries may have to undertake massive social engineering and to abrogate traditional civil liberties.
The drastic nature of the nuclear threat is apt to
elicit a drastic police response. Even these measures, however repressive , might in the end prove
ineffective.
There is additionally the fundamental ethical
question of our right to leave to countless future
generations a permanent heritage of radioactive
waste products. In producing vast quantities of
materials so deadly that they will require perpetual vigilance and guardianship, nuclear power
will inject into the future an element of risk comparable to that of our vast store of nuclear arms.
These profound biological and social hazards,
many without present technical solutions, or easily
foreseeable solution, would be incurred in pursuit
of small and possibly ephemeral economic advantages. Decisions balancing the risks of the plutonium economy with its benefits are now founded on
self-serving economic and technical assessments
lacking in analytic quality. They are being hastily
made without the full and informed public discussion that decisions of such unique importance
require.
Alternatives exist, both to our extravagant
waste of energy and to our use of nuclear power
in general and the plutonium economy in particular. These alternatives, including energy conservation, solar energy, advanced fossil fuel and
organic conversion techniques, geothermal energy, and eventually perhaps fusion energy, are
socially and environmentally preferable to fission
power. But they are also unlikely to play their
proper role if nuclear power, and especially the fast
breeder reactor, continues to dominate our energy
research and development efforts.
In this thirtieth year of the Atomic Age, more
than 50 nuclear power reactors are licensed to
operate commercially in the United States. The
Atomic Energy Commission (AEC) in its last year
projected about a thousand at the turn of the century, and more thereafter. Other countries combined are expected to build nearly twice as many as
the United States. An enterprise originally conceived

as a civil ian spinoff from an essentially military
technology has now produced a $100 billion quasicivilian industry that is a vigorous force in its own
right, often cooperating with its federal regulators
to shape new commercial imperatives.
Th is anniversary also marks a crucial series of
decisions which will determine whether the United
States will embark on the second and most hazardous phase of the nuclear enterprise: the plutonium
economy. The AEC 's proposal that plutonium extracted from used nuclearfuel be recycled into fresh
fuel in commercial reactors is now pending before
the AEC 's successor agency, the Nuclear Regulatory Comm ission (NRG). The Energy Research and
Development Administration's multi-billion-dollar
program to develop a commercial liquid-metalcooled fast breeder reactor (LMFBR), which is
fueled with plutonium and is specially designed to
produce as much new plutonium as possible, is also
being reviewed to decide whether it should remain
the cornerstone of the future energy economy. In
many other industrialized countries, decisions about
fast breeder reactors and the plutonium economy
are rapidly proceeding, often without the benefit
of even as much public discussion as so far has
occurred in the United States.
The unprecedented hazards of the plutonium
economy demand an unprecedented political response. These are hazards so grave that every citizen
should have a voice in deciding whether this is the
road to energy independence we - or anyone should take . All who believe that technology should
serve human values should join in opposing the
plutonium economy and in seeking to divert into
safer and more constructive channels the vast resources being devoted to nuclear power. The responsibility for these decisions cannot be delegated
to nuclear experts, for the key issues are not
technical or economic but social and ethical, and in
a democracy such issues should be resolved only
through the political process.
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purposes; a legacy of highly toxic, long-lasting radioactive wastes with no viable proposal for
their perpetual storage; the possibility of plutonium theft with subsequent blackmail or nuclear
disruption; and the certainty that the use of nuclear fission for commercial purposes will hasten
the proliferation of nuclear weapons among states.
These are all issues which have been long recognized by at least a portion of the nuclear
community. Several years ago, individuals such as Dr. Alvin Weinberg, then Director of the
AEC's Oak Ridge National Laboratory, spelled out certain of the implications and imperatives of
nuclear power. Weinberg's papers were given wide distribution. Public attention to these issues
has been due to the work of individuals and groups outside of the nuclear establishment. In
every instance, once a problem was identified and attempts made to bring it into the political
forum, the nuclear establishment not only failed to be candid in responding to questions, but
vigorously opposed the efforts to raise the issues and to stimulate responsible public dialogue on
these matters of public policy.
Weinberg, in discussing the measures that he saw as necessary to cope with nuclear fission,
said:
. . . I believe that we may have to modify our old - perhaps create new social institutions if we are to live in harmony with the peaceful atom.
He also speculated on the adequacy of the stability of our human institutions, on the creation of
a nuclear priesthood, and pointed out that peaceful nuclear energy would make comparable
demands -

and of longer duration -

on society to that of the development of nuclear

weapons~
Hannes Alfven was more graphic in his statement of the demands that nuclear fission will
impose on society::...!
Fission energy is safe only if a number of critical devices work as they should,
if a number of people in key positions follow all of their instructions, if there
is no sabotage, no hijacking of transports, if no reactor fuel processing plant or
waste repository anywhere in the world is situated in a region of riots or
guerrilla activity, and no revolution or war - even a "conventional one" takes place in these regions. The enormous quantities of extremely dangerous
material must not get into the hands of ignorant people or desperados. No acts
of God can be permitted.
Even

the

usually cautious AEC

on occasion permitted expressions of concern. AEC

Commissioner Clarence Larsen:-=-/

'-1 Weinberg, "Social Institutions and Nuclear Energy", op. cit., Footnote~/, p. 17.
:l Alfven, "Energy and Environment", op. cit., footnote I_J, p. 2
-3/ Clarence Larsen, "Nuclear Materials Safeguards", Proceedings of AEC Symposium on
Safeguards Research and
Washington, D.C., 1969.
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There is no way to insure against loss of special nuclear materials. You can pay
the owner of the material the cash value of the loss, but you cannot insure
against special nuclear material coming back to haunt you as a weapon.
It is clear that society must be constrained by the nature of the nuclear technology with its
intrinsic hazards. Auxiliary technology can offer much protection, but ultimately, the protection
lies in the stability of society. And this is the ultimate dilemma of fission energy: the problem of
guaranteeing the necessary social stability without being forced to engineer society itself. Nuclear
energy will place absolute constraints on our society, for there are certain things that absolutely
must not happen. No one knows from whose accounts the price of security would be paid; the
alternative to the occasional devastation of a city may be a garrison state.2-(
There are several responses to the above considerations. Some argue that we are engaged in an
enterprise where discussion should be suppressed -

recall the comments of David Rose and

Norman Rasmussen noted earlier. Those with deep faith in technology would have us proceed
with nuclear fission trusting the experts to devise acceptable means - unstated but presumed to
be technological - to cope with the problems. A recent statement of such faith is that of Hans
Bethe, et al., which reads in part: (emphasis added) .3:..1
. . . we have confidence that technical ingenuity and care in operation can
continue to improve the safety in all phases of the nuclear power program ....
. . . the energy famine that threatens will require many sacrifices on the part of
the American people, but these will be reduced if we marshal/ the huge
scientific and technical resources of our country to improve the use of known
energy sources.
While recognizing that certain aspects of the nuclear pow~r decision must be based on technical
considerations, the fundamental issues are not technical. Mason Willrich has stated it well:.:!
. . . emergency core-cooling systems and other safety features built into nuclear
power reactors are designed to deal with the risk of malfunctioning machines.
Safeguards against nuclear theft and sabotage are intended to deal with the risk
of malfunctioning humans. The possibility of nuclear violence using material
diverted from civilian industry is fundamentally a human problem for which
there is no technical fix.
The AEC in its most recent statements, the environmental impact statements for the proposed
LM F BR program and for the proposed recycle of plutonium in light water reactors, offered little

l_J Donald P. Geesaman and Dean E. Abrahamson, "The Dilemma of Fission Power", Bulletin of
the Atomic Scientists (November 1974), pp. 37-41. This article is included in the Appendix.

2../ Hans Bethe, et. al., "No alternative to nuclear power", Bulletin of the Atomic Scientists, March
1975, pp. 4-5.
~ Mason Willrich, "Terrorists keep out!", Bulletin of the Atomic Scientists, May 1975, pp.
12-16.
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more than Dr. Bethe and his colleagues. These AEC statements acknowledge all of the problems
that are discussed above and further acknowledge that the present regulations and controls are
inadequate for an expanded nuclear program based on plutonium fuel. Yet no program or
proposals are offered as being sufficient to make the various safeguards and controls meet the
need. What is found instead are statements of the "objectives" of the unstated new programs.
For some insight into the directions that are being considered, and the nature of the new
institutions of which Dr. Weinberg and others speak, the recent record must be examined,
beginning with a proposal that was described some years ago by Dr. Weinberg and others, and is
now undergoing almost a crash analysis by the Nuclear Regulatory Commission (NRC), one of
the successors to the now defunct AEC. This is the proposal for nuclear parks, sometimes called
nuclear energy centers or nuclear reservations. [A reservation would be a large installation having
on a single site: a fuel fabrication plant; from 10 to 40 reactors each of at

least 1000

megawatts (electrical); a fuel reprocessing plant; and high-level waste management facilities.] The
justification for these reservations begins with a recognition of the grave hazards of plutonium
theft and considers that if measures were taken to permit strengthened fortifications and security
in nuclear facilities and to minimize the transportation of nuclear fuels and wastes, these hazards
could be reduced. The proposed nuclear reservations would permit realization of both of these
objectives.
Such reservations would, of course, create massive problems of their own. The cooling water
requirements and power transmission problems would be enormous. The scheme is incompatible
with our present patterns of utility ownership and structure, and the concentration of facilities
would make them more vulnerable from a national security standpoint, to cite but a few of
these new problems. That these reservations are even considered is testimony to the price that
may have to be paid to try to minimize some of the hazards implicit in the use of nuclear
fission.
The nuclear reservation proposal acknowledges that present ideas of industry structure may be
incompatible with nuclear fission. There are other established institutions that are in need of
modification as well. Since at least 1958, it has been clear that the potential' for catastrophic
accidents has shown that traditional concepts of insurability and liability are inadequate to cope
with nuclear power. We have our Price-Anderson Act. Other nations have their equivalent. Even
with the optimistic conclusions being drawn from work such as the Rasmussen study, there is no
evidence that the nuclear industry is willing to forego the protective umbrella of Price-Anderson.
It is interesting to note again

the comment of the spokesman for one of the large
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architect-engineer firms heavily engaged in nuclear work:...:/
... I believe non-passage would force the thing into the public sector - toward
a public corporation.
The concepts upon which our transportation networks are based are proving incapable of
dealing with the movements of radioactive materials. The Association of American Railroads is

I
I
I
I

refusing to ship radioactive wastes on the ground that they are ultrahazardous. The Association is
insisting that these materials must travel by special trains, with special crews, at reduced speeds,
and with other restrictions. Is a separate railroad system to serve the nuclear industry? If these
wastes are too dangerous for the railroad operators, what of the inhabitants of the towns and
farms through which the railroads pass?
Regulations dealing with transportation of nuclear fuels are also rapidly being made more
restrictive. In its most recent change the AEC proposes that several armed guards escort
shipments of fuels, shipments by air and sea only on United States registered carriers, and other
restrictions. The guards have, at least in some cases, orders to shoot to kill. In a time when there
are relatively few shipments this may not seem to be particularly oppressive. But what will be the
case with the full development of the nuclear industry? Do we want to create private armies that
operate in the commerical transportation sector? The AEC's most recent environmental impact
statement for the LMFBR program described the projected size of the nuclear industry in terms
which highlight the magnitude of the problem:.:..!
The extent of future plutonium product transportation between facilities would
be strongly influenced by facility siting practices; assuming a dispersed industry,
about 100,000 shipments (highway and rail) might be made in the year 2020.
It is in infringements of the personal freedoms of a democratic society that the greatest threat
seems to lie. Even the first measures being suggested are. frightening. The previously mentioned
AEC Special Safeguards Study includes as one of its recommendations: 2./
The first and one of the most important lines of defense, against groups which
might attempt to illegally acquire special nuclear materials to make weapons, is
timely and in-depth intelligence. Such intelligence may involve electronic and
other means of surveillance, but its most important aspect is infiltration of the
groups themselves. It is not the AEC's business to conduct this sort of
intelligence, but it is the AEC's business to see that those agencies of the
United States Government which have intelligence gathering responsibilities,
including the FBI, CIA, and NSA, focus their attention upon this particular
threat to our national defense and security.
1_J Nucleonics

Week, November 28, 1974.

:J AEC, Proposed Final Environmental Statement for the Liquid Metal Fast Breeder Reactor
Program, WASH-1535 (December 1974), p. 7. 4-1.

2./ AEC, "Special Safeguards Study", ("Rosenbaum Report"],

op.

cit. footnote.:._/, p. 18.
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Given the means which were implemented -

for example, no-knock entry and search - to

unsuccessfully control drug traffic, we can only speculate on_what will be thought necessary to
deal with the much more serious political problems of the nuclear fuels.
Another example is found in the draft environmental impact statement on the Atomic Energy
Commission's proposal to begin using plutonium fuel in existing reactors. In this report, which
was prepared by the AEC and released a few months ago, it is acknowledged that present
controls are inadequate. Some remedies were also suggested, among them:~
Provide a federal security force for the protection of plutonium plants and
shipments. A federal security system would be less apt to have the variations in
staff and capacity that would be encountered in use of private security guards.
In addition, it should be noted that the consequences of a successful theft or
diversion of plutonium would undoubtedly have nationwide impacts and could
best be handled by Federal authorities, certainly, with Federal participation,
there is the potential for a large force, more effective weapons, and better
communications.
and,
Require AEC clearance of all personnel with access to plutonium, material
records or vital equipment. Security problems are much simplified when it can
be established with high probability that the persons who are responsible for
the handling of plutonium or implementing of related safeguards programs are
trustworthy. Various court rulings in recent years have been favorable to the
protection of individual privacy and of individual right-to-work. These rulings
have made it difficult to make a personnel background check ... The AEC has
requested [ed. note: and has now obtained] legislation which would allow
background checks of individuals with access to plutonium and related material
accountability records. We believe that enabling legislation such as this is
necessary to the further improvement of personnel selection practices.
In short, the present procedures for safeguarding plutonium are grossly inadequate, and the
proposed remedies amount to turning component elements of the fuel cycle, including power
plants, into armed camps with military security, a federal police force, security checks, and
various other means which would violate privacy and civil liberties.
The decision of nuclear power will determine how our future society will look. The perceived
impotence of the powerless when confronted with forces which appear to be beyond their
control is one of the basic factors leading. to alienation in our society. This is as true for the
small, poor nation in the world community as it is for the individual in an industrialized state.
Nuclear power presents to the alienated minority and the poor nation alike a means to greatly
amplify their political power. What measures will be deemed necessary to cope with the
constraints posed by nuclear power with its enormous quantities of highly radioactive waste

!...I AEC, Draft Generic Environmental Statement on Mixed Oxide Fuels, WASH-1327 (July
1974), p. V-42.
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materials and with the ever present dangers associated with the nuclear fuels? It is obvious that
society could not tolerate disruptive nuclear events.
Fortunately, continued rapid growth in energy use and an increasing reliance on highly
centralized, large-scale, completely electrified energy technologies is not the only course open_..:_/
The most obvious, the most urgently needed, alternative 1s to increase the efficiency of our
energy use. Reducing our extravagance can be our major national source of energy for real needs
in this century, and the Energy Policy Project of the Ford Foundation has shown that this can be
done without sacrificing a comfortable life in a healthy economy::..! There is a growing belief
that our extravagance is a luxury the world can no longer afford. As eminent biologist George
Woodwell wrote:

:J

. . . we have reached a point in the development of our current civilization
where further increases in flows of energy through technology will cause a
significant reduction in the capacity of the earth to support mankind. The
world cannot use more energy safely. The arguments for relaxation of controls
on pollution or for the further diffusion of the deleterious effects of
technology around the globe are clearly and simply wrong. So, too, are the
dreams of continued economic growth in the patterns of past decades, using
abundant new supplies of energy. We have reached the point where biotic
resources are crashing - limits are with us now.
A wide range of energy futures is available if chosen making possible a gradual reduction in
the scale, electrification, and centralization of energy conversion systems, reducing vulnerability
and increasing efficiency. An adequate energy conservation program in the United States would
make nuclear power unnecessary;;_/ simultaneous commitment to technically and economically
sound applications of non-fission energy sources (sun, wind, geothermal, organic conversion, and

':.J Although not addressed in this report, it must be recalled that the movement toward nuclear
fission in general and the breeder reactor in particular is driven by the assumption that we must
maintain the present high rates of growth in per capita energy consumption. That human values
and needs may not be compatible with the new energy technologies, and hence will have to be
modified, is not a new, or to some a bothersome development. As is discussed by Rene Dubos in
an article included in the Appendix - "The Despairing Optimist", American Scholar, Winter
1974/1975 - it is but the next step in the process so graphically stated in the guidebook to the
1933 Chicago Wor!d's Fair: "Science finds, industry applies, man conforms".

:..I Ford Foundation Energy Policy Project, A Time to Choose, Ballinger Press, Cambridge,
Massachusetts, 1974, and, Robert H. Williams, Editor, The Energy Conservation Papers: Reports
Prepared for the Energy Policy Project of the Ford Foundation, Ballinger Press, Cambridge,
Massachusetts, 1975.
~ George M. Woodwell, "Short-circuiting the Cheap Power Fantasy," Natural History, October
1974, p. 88. This article is included in the Appendix.

~ For a full discussion of this point, see either the Final Report of the Ford Foundation Energy
Policy Project, op. cit., footnote.:...! above or "The Breeder Reactor: A Poor Buy", op. cit., footnote

!__/,p. 3.
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should feasibility be demonstrated perhaps eventually fusion) could permit these to be the
principal sources in the future for both the United States and other nations. At worst we might
have to rely for several decades on technologies for mining and burning our abundant supplies
of coal in a responsible manner. It is sometimes said that these alternatives are too far in the
future, but if vigorously pushed some of them could come sooner than a large enough nuclear
capacity to perform the same function. Deployment of nuclear power is slow and costly - so
much so that other and simpler technologies could be reliably deployed instead at similar rates
and costs. This demands only that we begin now, before commitments of scarce money, skills,
and time to nuclear power have foreclosed other options.
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THE PLUTONIUM ECONOMY: A STATEMENT OF CONCERN

Large amounts of the man-made element plutonium are unavoidably produced in nuclear
power plants fueled by uranium. Plutonium is, and remains for hundreds of thousands of years,

"

dangerous to life even in amounts so small as to be undetectable. It must therefore be infallibly
and perpetually isolated from the biosphere. Plutonium, once separated from other reactor
byproducts, can also be readily made into crude but effective atomic weapons of mass
destruction, and must therefore be infallibly and perpetually safeguarded from theft.
At present, plutonium is accumulating as a byproduct of the generation of nuclear power, but
it is now proposed to use plutonium as one of the most important fuels of the United States and
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other countries. Under this proposal, plutonium would first be used to supplement fissionable
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supplies are limited.
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objectionable. At many stages in the nuclear fuel cycle -

I
I
I

uranium in existing reactors and would later be generated and recycled in larger quantities by
fast breeder reactors specially designed for this purpose. The use of plutonium as a nuclear fuel
would permit a vast expansion in our reliance on nuclear fission power, for our low-cost uranium

Plans for the next few decades include hundreds of fast breeder reactors, scores of special fuel
plants, and hundreds of shipments of plutonium each day throughout the United States, and
similarly in many other countries. Twenty years from now, hundreds of tons of plutonium
would be produced annually in the United States, and production would be rising rapidly. But the
amount needed to make a nuclear bomb will remain less than 20 pounds, and the amount
needed to induce lung cancer will remain a few hundred-millionths of an ounce.
We believe that the proposed "plutonium economy" is morally indefensible and technically
including reactor operation, fuel

transport, reprocessing, fabrication and waste management - opportunity exists for catastrophic
releases of plutonium and other radioactive materials through accident or malice. There is no
validated scientific basis for calculating the likelihood or the maximum long-term effects of such
releases, nor for guaranteeing that risks will not exceed a particular level. All of the present or
planned precautions intended to prevent releases are imperfect and, for fundamental reasons, are
likely to remain so. We fear that the cumulative effect of these imperfections may well be
unprecedented and irremediable disaster.
In a plutonium economy, moreover, nuclear theft and terrorism, weapons proliferation to both
national and subnational groups, and the development of a plutonium black market seem
inevitable. None of these problems will respect national boundaries, and the difficulties of
international cooperation will complicate efforts to contain them.
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In an effort to suppress nuclear violence and coercion, to limit the spread of illicit nuclear
weapons, and to encourage the needed perpetual social stability, the United States and other
countries may have to undertake massive social engineering and to abrogate traditional civil
liberties. The drastic nature of the nuclear threat is apt to elicit a drastic police response. Even
these measures, however repressive, might in the end prove ineffective.
There is additionally the fundamental ethical question of our right to leave to countless future
generations a permanent heritage of radioactive waste products. In producing vast quantities of
materials so deadly that they will require perpetual vigilance and guardianship, nuclear power will
inject into the future an element of risk comparable to that of our vast store of nuclear arms.
These profound biological and social hazards, many without present technical solutions, or
easily foreseeable solution, would be incurred in pursuit of small and possibly ephemeral economic
advantages. Decisions balancing the risks of the plutonium economy with its benefits are now
founded on self-serving economic and technical assessments lacking in analytic quality. They are
being hastily made without the full and informed public discussion that decisions of such unique
importance require.
Alternatives exist, both to our extravagant waste of energy and to our use of nuclear power
in general and the plutonium economy in particular. These alternatives, including energy
conservation, solar energy, advanced fossil fuel and organic conversion techniques, geothermal
energy, and eventually perhaps fusion energy, are socially and environmentally preferable to
fission power. But they are also unlikely to play their proper role if nuclear power, and
especially the fast breeder reactor, continues to dominate our energy research and development
efforts.
In this thirtieth year of the Atomic Age, more than 50 nuclear power reactors are licensed to
operate commercially in the United States. The Atomic Energy Commission (AEC) in its last
year projected about a thousand at the turn of the century, and more thereafter. Other countries
combined are expected to build nearly twice as many as the United States. An enterprise
originally conceived as a civilian spinoff from an essentially military technology has now
produced a $100 billion quasi-civilian industry that is a vigorous force in its own right, often
cooperating with its federal regulators to shape new commercial imperatives.
This anniversary also marks a crucial series of decisions which will determine whether the
United States will embark on the second and most hazardous phase of the nuclear enterprise: the
plutonium economy. The AEC's proposal that plutonium extracted from used nuclear fuel be
recycled into fresh fuel in commercial reactors is now pending before the AEC's successor
agency, the Nuclear Regulatory Commission (N RC). The Energy Research and Development
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Administration's multi-billion-dollar program to develop a commercial liquid-metal-cooled fast
breeder reactor (LMFBR), which is fueled with plutonium and is specially designed to produce as
much new plutonium as possible, is also being reviewed to decide whether it should remain the
cornerstone of the future energy economy. In many other industrialized countries, decisions
about fast breeder reactors and the plutonium economy are rapidly proceeding, often without
the benefit of even as much public discussion as so far has occurred in the United States.
The unprecedented hazards of the plutonium economy demand an unprecedented political
response. These are hazards so grave that every citizen should have a voice in deciding whether
this is the road to energy independence we - or anyone - should take. All who believe that
technology should serve human values should join in opposing the plutonium economy and in
seeking to divert into safer and more constructive channels the vast resources being devoted to
nuclear power. The responsibility for these decisions cannot be delegated to nuclear experts, for
the key issues are not technical or economic but social and ethical, and in a democracy such
issues should be resolved only through the political process.

